The overall goal is to improve the predictive capability and skill of Delft3D to simulate complex hydrodynamics in an inlet setting in which tides, river discharge, winds, waves, and bottom friction are all important.
APPROACH
In May and June of 2013, USGS scientists (Dr. Guy Gelfenbaum and Andrew Stevens) and staff from the Pacific Coastal and Marine Science Center in Santa Cruz CA teamed with co-PIs Dr. Jamie MacMahan, Naval Postgraduate School and Dr. Ad Reniers, University of Miami, as well as Dr. Chris Sherwood, USGS Woods Hole to deploy instruments to measure hydrodynamics, map bathymetry, bedforms and seabed grain size, and deploy drifters around the Mouth of the Columbia River (MCR) during the spring freshet (high river discharge) time of year. USGS is also working with Dr. Edwin Elias, Deltares to test Delft3D hydrodynamic and sediment transport model in MCR during high river discharge conditions. In September 2014, USGS scientists (Gelfenbaum and Stevens) collaborated with Dr. Rocky Geyer of WHOI, Charlie Loeffler of Univsity of Texas, and Jarod Norton of Portland District, U.S. Army Corps of Engineers to collect supplimentry field data at the MCR during low river discharge conditions.
WORK COMPLETED
The observations at the MCR consist of time-series measurements from instrumented tripods at three locations (W, N, S) between May 9 and June 16, 2013 ( Figure 1 ; Table 1 ). Each tripod was equipped with an upward-looking ADCP, a near-bed ADV, and a pressure sensor to measure hydrodynamics, a CTD and OBS to measure water properties near the bed, and fan-and pencil-beam sonars to measure bedform geometry (Table 2 ).
Figure 1. Map showing the locations of 3 instrumented tripods deployed at the MCR between May 9 and Jun 16, 2013, locations of "flying eyeball" seabed grain size images, CTD casts, Biosonics and vessel-mounted ADCP transects.
Bathymetry and co-registered acoustic backscatter were collected throughout the MCR with a SWATHplus-M interferometric sidescan sonar system pole-mounted to the USGS survey vessel R/V Parke Snavely. The bathymetry and ancillary data were combined and rendered into a 5-m digital elevation model ( Figure 2 ) and a 1-m DEM for analysis of intermediate sized bedforms.
Digital images of the seabed using the "flying eyeball" (Rubin et al., 2007) from aboard the R\V Parke Snavely were collected at 111 locations in June 2013 within the MCR (Figure 1 ). For each location, between 3 and 5 replicate images were collected and have been analyzed to characterize grain-size distributions (Buscombe, 2008) of surface sediments throughout the MCR (Figure 2 ).
Figure 2. Map of bed sediment mean grain size from digital grain size analysis.
In September 2014, we collected an additional 675 digital grain size images using the "flying eyeball" along a series of transects across the larger bedforms in the estuary (Figure 3 ).
Figure 3. Map of 5-m DEM created from SWATHplus bathymetric data showing locations of Biosonics transects, digital grain size images, and grab samples from the September 2014 fieldwork.

RESULTS
The SWATHplus succcessfully mapped bathymetry throughout the MCR characterizing large-scale inlet morphology as well as medium and large-scale bedforms. Important features including a deep hole adjacent to Jetty A, the shallow bar between the main jetties that induces wave shoaling, and a linear ledge along the north side of the channel were mapped in detail ( Figure 4 ). Detailed seafloor mapping also characterized a variety of sand bedforms ranging in size from a few meters in wavelength to nearly one hundred meters ( Figure 5 ).
Figure 4. Map of 5-m DEM created from bathymetric data showing multiple bedform fields and the orientation of those bedforms, indicating net sediment transport direction.
Figure 5. Bedforms of various sizes and shapes in the MCR. H is bedform height in meters and λ is bedform wavelength in meters.
Delft3D versus data comparison
Boat-mounted ADCP transects oriented across the main channel reveal the influence on circulation of large-scale morphology of the Columbia River estuary ( Figure 6 ). These ADCP transect data are also a rigorous test of the Delft3D model. Forcing the model with only offshore tidal boundary conditions from TPXO Global Tide model, measured river discharge, and spatially uniform winds from a nearby NDBC buoy, a preliminary comparison between modeled and measured currents shows the model accurately captures the dominant features of the flow (Figure 6B 
Figure 6. A) Modeled surface currents during an ebb tide. Boat-mounted ADCP and Delft3D model current speed (B) and direction (C) results along transect A-B across the channel.
Initial flow simulations assumed a uniform bed roughness in the estuary with Chezy = 65. Highresolution mapping, however, reveals a wide range in bedform sizes throughout the estuary (Figures 4  and 5 ). Sand waves vary in wavelength from 20 -90 m, and in height from 0.7 -2.1 m. Initial analysis of bottom roughness formulations based on sand wave height show that the Chezy roughness could vary by as much as 40% from a minimum of 40 to a maximum of 70. Sand wave heights are predicted from the semi-empirical equation,
where δ is the sand wave height, h is the water depth, D 50 is the median grain size, and T is the excess shear stress (van Rijn, 2005) . Equation (1) was developed from flume experiments and a few field measurements and does not accurately predict actual bedform heights measured in the Columbia River.
Further research is necessary to better understand and predict sand wave dimensions and their effect on boundary roughness in dynamic estuaries like the Columbia River and San Francisco Bay (Barnard et al., 2013) . Our modeling strategy will seek to improve model results using spatially variable roughness maps generated from observed bedform and sediment distributions.
IMPACT/APPLICATIONS
The field measurements collected at the MCR are allowing rigourous testing of the Delft3D hydrodynamic and sediment transport model. The hydrodynamic model was originally successfully validated against low river discharge and small wave conditions during August 2005 by Elias et al. (2012) . Conditions during the 2013 experiment were more energetic, with larger waves and higher river discharge. Testing and validating the model during these more energetic conditions are extending the range of applicability of this important model. In addition, the surface drifter deployments (see MacMahan and Reniers annual report) are a new and challenging data set to test the model's capacity to simulate shear and density fronts.
Detailed maps of bedforms observed in the new SWATHplus data will be used to test various bedform models as well as test various bottom roughness schemes in the Delft3D hydrodynamic and sediment transport model. 
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